Three times as many cases of measles were reported in the United States in 2014 as in 2013. The reemergence of measles has been linked to a dangerous trend: parents refusing vaccinations for their children. Efforts have been made to counter people's antivaccination attitudes by providing scientific evidence refuting vaccination myths, but these interventions have proven ineffective. This study shows that highlighting factual information about the dangers of communicable diseases can positively impact people's attitudes to vaccination. This method outperformed alternative interventions aimed at undercutting vaccination myths.
vaccination | belief revision | attitude change | science education I n 2014, there were 644 cases of measles reported in the United States-three times as many cases as were reported the year before (1) . In 2000, measles was thought to have been eradicated in the United States (1) . The reemergence of measles has been linked to an increase in the number of parents refusing to vaccinate their children. Parents who refuse vaccines cite fears that vaccinations may have harmful side effects because of now discredited research (2, 3) that claimed there was a causal link between certain vaccinations and a child's risk for autism (4) . Despite efforts by the Centers for Disease Control and Prevention (CDC) (1) to undermine vaccination myths and almost universal support for vaccinations among healthcare providers, vaccination rates have declined. We need effective provaccine messages to reverse this dangerous trend by persuading people-both vaccine skeptics and vaccinehesitant parents (5)-to vaccinate their children.
Ideally, doctors and health organizations would be able to reassure parents about the safety of vaccines through direct scientific education. However, recent findings have led researchers to question whether direct provaccine messages are efficacious, even raising the possibility that they may be harmful (6, 7). Nyhan et al. (6) and Nyhan and Reifler (7) presented parents with provaccine information from the CDC website, but these provaccine messages failed to improve their attitudes toward vaccination. In fact, these studies reported a "backfire effect": vaccine skeptics formed even stronger negative opinions about vaccinations after being given information intended to undermine the supposed connection between vaccinations and autism (a similar effect is discussed in the work in ref. 8) .
Despite these failures, we suspect that a stronger direct message holds promise for influencing parents' vaccine attitudes. A normative analysis of vaccination decisions implies that parents' decisions to accept or refuse vaccinations for their children should depend on not only the risks associated with vaccinating, but also the risks of not vaccinating. This reasoning suggests another avenue by which people's attitudes might be influenced. Rather than attempting to overcome vaccination myths by convincing parents of the safety of vaccines, provaccine messages might be more effective if they work to convince parents of the dangers of failing to vaccinate their children. In terms of expected utility (9), a parent's decision to vaccinate should be governed by UðvaccinationÞ = PðpreventionÞPðillnessÞU + ðremain healthyÞ
The expected utility of vaccinating can be increased by either decreasing estimates of the probability of negative side effects (the second term in the equation above) or increasing estimates of positive effects of vaccines (the first term in the equation). Efforts to directly counter vaccination myths often take aim at the second term. However, we know that parents who oppose vaccinations have strong beliefs about the side effects of vaccinespresumably, these beliefs are the reason that they do not vaccinate their children. Since attempts to influence attitudes are often thwarted by people's tendency to discount or ignore evidence contrary to their existing attitudes [a phenomenon known as confirmation bias (10)], such manipulations may be largely ineffective. Indeed, it is known that direct attempts to dispel myths risk perpetuating those myths through their repetition, as this repetition breeds familiarity and may strengthen people's memory for incorrect information (11, 12) . Moreover, it is difficult, even in principle, to provide compelling evidence for the absence of risk (13) . For these reasons, it is often easier to replace an existing belief with an alternative belief rather than attempting to directly counter it (11) .
These considerations led us to consider an alternative approach to using scientific information to change attitudes: convincing parents that the probability of disease contraction is high if they do not vaccinate their children and that the consequences of getting these illnesses are severe. This approach is analogous to that taken by researchers who have effectively corrected participants' erroneous beliefs not by refuting incorrect elements of these beliefs, but rather by replacing those elements with new information (11) .
In this study, we succeeded in altering people's vaccination attitudes by drawing attention to the consequences of not vaccinating their children. Participants were randomly assigned to the disease risk intervention, the autism correction intervention, or a control intervention (in a between-subjects design). Participants assigned to the disease risk condition read three pieces of information taken from the CDC website in randomized order: (i) a paragraph written from a mother's perspective about her child contracting measles, (ii) a picture of a child with measles, a
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Myths about the safety of vaccinations have led to a decline in vaccination rates and the reemergence of measles in the United States, calling for effective provaccine messages to curb this dangerous trend. Prior research on vaccine attitude change suggests that it is difficult to persuade vaccination skeptics and that direct attempts to do so can even backfire. Here, we successfully countered people's antivaccination attitudes by making them appreciate the consequences of failing to vaccinate their children (using information provided by the Centers for Disease Control and Prevention). This intervention outperformed another that aimed to undermine widespread vaccination myths. child with mumps, and an infant with rubella, and (iii) three short warnings about how important it is for people to vaccinate their children. Participants assigned to the autism correction condition read information taken from the CDC website summarizing recent research showing that vaccines do not increase the risk of autism in children. Participants assigned to a control condition read an unrelated vignette about a scientific topic.
Participants' vaccine attitudes were compared before and after these interventions in a two-phase design (Fig. 1) . Both parents and nonparents shared similar attitudes toward vaccines at pretest and both groups' attitudes were very similarly affected by our interventions (Intervention Results; see Fig. 4 ). Therefore, we pooled across parents and nonparents in our analyses. We found that the disease risk intervention yielded a positive shift in participants' attitudes toward vaccines, even among those participants who were initially most skeptical (Fig. 2) .
This finding suggests that education about the risks posed by failing to vaccinate can have meaningful effects on vaccination attitudes. Moreover, this intervention was significantly more effective than corrective information aimed at dispelling myths about vaccines and autism. Despite a slight reduction in participants' erroneous beliefs that vaccines cause autism and a strong negative relationship between provaccination attitudes and the belief that vaccines cause autism (r = −0.70), the autism correction intervention did not significantly influence general attitudes toward vaccines compared with the control condition. We did not observe any backfire effect (6, 7) when participants' attitudes were examined immediately after the autism correction intervention; however, these effects may be more likely to emerge after a delay (11, 14) .
Future research should examine the effects of these types of interventions after a delay. Indeed, many vaccination decisions will not be made immediately after exposure to educational interventions, calling for additional research to assess the risk of backfire effects and to evaluate the longevity and robustness of the improvements in vaccine attitudes that we observed. Still, even a temporary improvement in parents' vaccination attitudes could increase vaccination rates if such interventions were incorporated into doctor-parent interactions (5) .
Effective educational messages are needed to overcome parents' misplaced skepticism toward vaccines and convince them to vaccinate their children. Failure to overcome this skepticism places the lives of thousands of children at risk. This study offers a potential solution based on scientifically grounded education. Rather than attempting to dispel myths about the dangers of vaccinations, we recommend that the very real dangers posed by serious diseases, like measles, mumps, and rubella, be emphasized. This approach would allow media reports and health professionals to improve vaccine attitudes by communicating accurate information about disease risks without repeating inaccurate information that may further fuel antivaccination attitudes (11, 14) . Our results suggest that parents are likely to be responsive to warnings (in the form of graphic pictures and anecdotes) of the severity of these diseases, and that heightened awareness of the risks associated with failure to take preventive action will improve attitudes toward vaccinations.
Experiment
Vaccine Scale. We developed a five-item vaccine attitude scale intended to measure people's general attitudes toward vaccines (SI Appendix). Examples of scale response items are, "The risk of side effects outweighs any potential benefits of vaccines" (reverse coded) and "I plan to vaccinate my children." The scale was highly reliable (α = 0.84) and found to correlate with past vaccine behaviors and intentions to vaccinate, supporting its validity. Among parents (n = 137), pretest vaccination attitude scores predicted whether parents had ever refused a vaccination recommended for their children (r = −0.453, P < 0.001) and whether they had elected to have their children vaccinated for the flu in the past year (r = 0.340, P < 0.001). In addition, attitude scores also predicted whether participants had themselves elected to receive the flu vaccine in the past year (r = 0.252, P < 0.001; n = 314).
Participants. In the first part of this study, we recruited 811 participants through the Amazon Mechanical Turk work distribution website. This research was approved by the University of California, Los Angeles Institutional Review Board (IRB#12-000063) and participants were presented with consent information at the beginning of the study. Based on their responses to attention check questions, 720 of 811 were invited to return for the second half of the study. On day 2, 341 participants returned, and 315 participants passed attention check questions (160 female, 155 male; mean age = 35.44 y old, SD = 11.60). Pretest vaccine attitude scores did not differ between participants who completed the study (n = 341, mean = 4.86, SD = 1.04) and those eligible participants who did not return [n = 379, mean = 4.84, SD = 1.03; t(718) = −0.306, P = 0.76, d = 0.02, 95% highest density interval of the difference = −0.108, 0.181]. Fig. 3 shows the distribution of pretest vaccine attitudes among the 315 participants who passed attention checks on day 2 and composed the final sample for the study. The distribution is strongly peaked at the maximum score of six, although there is a long tail, indicating that many participants held less favorable attitudes.
Materials and Procedure. On day 1, participants were presented with the vaccine attitudes scale and asked to rate their agreement with each item on a six-point scale ranging from "strongly disagree" to "strongly agree." Participants also responded to an additional question about the link between vaccinations and autism (autism link question). Participants then answered questions about their beliefs on several different moral issues, such as abortion and euthanasia. These additional questions were meant to serve as distractors to prevent participants from identifying the purpose of the study on day 1 and prevent selection effects for participants returning for day 2 of the study. Finally, attention check questions were embedded within each of these scales to ensure that participants were properly attending to the task. For example, one attention question stated, "We just want to make sure you are paying attention. Select 'somewhat disagree' from the options below to pass this attention check." At the end of their participation on day 1, participants who passed attention check questions were invited to return for the second part of the experiment on the following day (day 2). They were required to wait until the next day at 9:00 AM Pacific Standard Time before they could complete the second part of the study. Access to the study was closed at 8:00 PM Pacific Standard Time that day.
On day 2, participants were randomly assigned to read the information contained in the disease risk, autism correction, or control interventions. Participants assigned to the disease risk condition read three pieces of information in randomized order: (i) a paragraph written from a mother's perspective about her child contracting measles, (ii) a picture of a child with measles, a child with mumps, and an infant with rubella, and (iii) three short warnings about how important it is for people to vaccinate their children. Participants assigned to the autism correction condition read information summarizing recent research showing that vaccines do not increase the risk of autism in children. The materials presented in these two conditions were adapted from those used in a prior study (6) and were originally compiled from information from pages on the CDC website (www.cdc.gov). Participants assigned to the control condition read an unrelated vignette about a scientific topic (also used in a prior study) (6) . For all three conditions, timing controls ensured that participants spent a sufficient amount of time reading the materials provided to them. After reading their assigned materials, participants were again asked to complete the vaccine attitude scale followed by the same distractor questions as on day 1. Finally, participants were asked several questions about their past vaccine behaviors and their intentions to vaccinate their children in the future, and were asked to provide basic demographic information.
Intervention Results
We created a vaccination attitude change score, which was computed as the difference between participants' posttest and pretest vaccination attitude scores. As shown in Fig. 1 , the disease risk condition led to larger changes in vaccination attitudes than the control condition. Attitude change scores were also more positive in the disease risk condition than the autism correction condition. In contrast, the autism correction condition had no greater effect on people's vaccination attitudes than did the control condition. Although presenting participants with evidence that there is no link between vaccinations and autism did not lead people to form even stronger antivaccination attitudes (6), this manipulation did not meaningfully alter people's existing attitudes about vaccinations.
To ensure that these findings hold equally for both parents and nonparents, vaccination attitude change scores were also analyzed across conditions for parents and nonparents (Fig. 4) using a two-way (condition × parenthood) ANOVA. As in the one-way ANOVA summarized in Fig. 1 , the main effect of condition was significant [F(2,309) = 5.219, P = 0.006]. However, there was no main effect of parenthood [F(1,309) = 0.338, P = 0.561] nor any interaction between parenthood and condition [F(2,309) = 0.254, P = 0.776], indicating that parents and nonparents were similarly affected by our interventions. In addition, there were no pretest differences between parents' (mean = 4.89, SD = 0.969) and nonparents' (mean = 4.80, SD = 1.107) vaccine attitudes [t(313) = 0.749, P = 0.454].
Another concern might be that direct interventions are effective for people who already have positive attitudes toward vaccines but will introduce backfire effects or remain ineffective for vaccine skeptics or those with less favorable attitudes toward vaccines (6, 7) . To test this possibility, we split participants into terciles based on their pretest vaccine attitudes and performed a 3 × 3 factorial ANOVA comparing conditions among each tercile (summarized in Fig. 2 ). This analysis revealed significant main effects of condition as well as a significant interaction between these factors, indicating that condition differences were greatest among participants in the bottom tercile. Change scores were significantly larger in the disease risk condition compared with the control condition among participants in the bottom tercile (Fig. 2) . The disease risk intervention produced effects of a similar size for the bottom and middle terciles in an earlier pilot study (d values > 0.5), suggesting that these positive findings are both robust and replicable. 
